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Description 

Commutator arrangement for a small electric motor 

5 The invention relates to a commutator arrangement for a small 
electric motor in accordance with the preamble of claim 1 . 

With small electric motors, in particular with direct current 
motors, the current is fed in via sliding contacts. The slid- 

10 ing contacts are made, for example, of brushes of carbon or 
precious metal which press against commutator segments lo- 
cated on a commutator sleeve. When commutation occurs, sparks 
are created. Such sparking is not desired. It causes erosion 
of the sliding contacts in particular as well as the emission 

15 of electromagnetic interference. 

From DE 199 34 685 Al it is known to provide a ring disk with 
capacitive features to suppress sparking. This so-called ca- 

20 pacitor or CLL disk is made of semi -conducting ceramic whose 
surface has a barrier layer. A contact surface is provided on 
the barrier layer for each partial winding or for each col- 
lector segment- The size of the contact surface defines a ca- 
pacitance. The contact surface is electrically conductively 

25 connected with the commutator segment assigned to it. The in- 
terior of the ceramic is usually n or p semi -conduct ing and 
is separated from the exterior contact surfaces with an insu- 
lating barrier layer. Through the thickness d of the barrier 
layer the capacitance of the individual contact surfaces is 

30 determined in accordance with C = 8o Sr A/d. Charge equaliza- 
tion can take place continuously inside the ceramic due to 
the semi -conducting features. 
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The known CLL disks in accordance with the state of technol- 
ogy are not particularly strong mechanically. They must have 
a relatively large thickness of approximately 1.0 to 1.5 mm. 
Usually a plastic supporting disk molded onto the shaft of 
5 the small electric motor is provided to hold such a CLL disk. 
This further increases the thickness of the commutator disk 
arrangement to approximately 2.5 to 3.5 mm. In particular 
with motors with iron- free winding such as bell winding mo- 
tors, the length of the permanent magnet must be limited ac- 

10 cordingly or the entire length of the motor must be in- 
creased. The capacitance potential of the small electric mo- 
tor can not be fully utilized. After all, the known CLL disks 
are restricted in their capacitance. Furthermore the capaci- 
tance and the series resistance of the capacitance cannot be 

15 set separately from each other. With certain applications or 
operating modes undesired sparking cannot be sufficiently 
suppressed. 

On the subject of increasing the capacitance it is further- 
20 more known from DE 199 34 685 Al that discrete capacitor ele- 
ments are installed as SMD components via SMD technology on a 
supporting disk made of printed circuit material. The capaci- 
tor elements are connected one after another, in series, be- 
tween two adjacent commutator segments, similar to the CLL 
25 disk. The suggested commutator segment is also relatively 
thick. Its manufacturing is time-consuming and expensive. 

From DE-OS 1 938 229 an interference suppression device is 
known for mini electric motors. With this the interference 
30 suppression capacitors consist of barrier layer capacitors 
shaped in the form of a ring disk. 
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EP 0 551 740 Bl of this type describes a mini electric motor 
on which the capacitors are also shaped in the form of a ring 
disk. The ring disk contains several multi- layer capacitors 
here which are connected together in series. The capacitors 
5 are also switched in parallel to the inductivities created by 
the motor winding. 

The object of the invention is to specify an alternate commu- 
tator for small electric motors which ensures reliable sup- 
10 pression of sparking. 

This object is solved by the features of claim 1. Useful em- 
bodiments result from the features of claims 2 to 18, 

15 According to the invention it is provided that a single coun- 
ter electrode layer which underlies almost the entire surface 
of the electrode layer on the underside so that the counter 
electrodes of all capacitor elements are on the same poten- 
tial. - This permits in an advantageous way charge equaliza- 

20 tion to take place continuously between the counter elec- 
trodes. The buildup of undesired charge differences of the 
capacitor elements cannot occur. The capacitances and their 
series resistances are decoupled from each other and thus can 
be set as desired. Particularly effective, steady and reli- 

2 5 able sparking suppression is ensured. 

A "capacitor element" consists of an electrode and a counter 
electrode which are separated from each other by a dielectric 
layer. According to the subject of the invention the dielec- 
30 trie layer is created by a first ring disk. The term "counter 
electrode" is used to mean a section of the first ring disk 
located on the under side which is located opposite an elec- 
trode layer provided on the top side. The electrode layer is 
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located on the electrode. This is an electrically conductive 
layer which can be contacted. The counter electrode layer is 
also an electrically conductive layer which can also be con- 
tacted. The term "capacitor ring disk" is used to mean a 
5 first ring disk which has several electrode layers on the top 
and a counter electrode layer on the bottom. 

In accordance with an advantageous embodiment it is provided 
that a plurality of capacitor ring disks are laminated on top 

10 of one another with intermediate placement of one dielectric 
layer each like a multi-layer capacitor. This is a simple way 
to implement several parallel -connected capacitor elements 
per commutator segment which will now be called "capacitive 
element." Such capacitive elements permit the provision of 

15 particularly high capacitances. 

With n capacitor ring disks placed one above the other, n ca- 
pacitances in parallel connection can be created between two 
adjacent commutator segments. This achieves particularly high 

20 capacitances with a clearly reduced thickness of the commuta- 
tor disk. Stacking the capacitor ring disks makes it possible 
to simply manufacture parallel connected capacitor elements 
in a particularly compact form. As is known, the following 
relationship applies to the parallel connection of capaci- 

25 tors: 

Cces . — Ci + C2 + ... + Cn 

Even with capacitor elements with a low capacitance, high ca- 
3 0 pacitances can be achieved in parallel connection. 

The dielectric material is a conventional dielectric material 
for the manufacture of multi-layer capacitors such as a ce- 
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ramie made of barium titanate, strontium titanate or other 
capacitor ceramics with high dielectricity constant and di- 
electric strength . 

5 It is advantageous that the capacitor elements created by the 
layers of electrodes located on top of each other for the 
formation of a capacitive element are contacted and each con- 
nected with a commutator segment . With this the capacitor 
ring disks are advantageously laminated on top of each other 
10 so that the electrode layers are essentially located congru- 
ently on top of each other. This simplifies their contacting. 
The electrode layers positioned on top of one another can be 
contacted together on an exterior circumferential surface of 
the first ring disks. 

15 

In accordance with a further embodiment it is provided that 
the counter electrode layer is round and extends up to an in- 
terior circumference of the first ring disk. With a multi- 
layer construction this also permits the counter electrode 
20 layers to contact each other so that all counter electrode 
layers are on the same potential. 

An electrical connection between the ring layers located on 
top of each other can be established either by a plated- 
25 through connection penetrating the ring disk(s) or by an 

electrical connection over the exterior and/or interior cir- 
cumference. It is useful that the electrical connection over 
the exterior circumference can be located in the recesses 
provided there. This ensures protection from physical damage. 

30 

The electrode and counter electrode layers, plated- through 
connections and/or electrically conductive connections over 
the exterior and/or interior circumference can for example be 
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established by the application of electrically conductive 
pastes and subsequent burning. However they can also be made 
of conductive paste, conductive adhesive and similar for ex- 
ample • 

5 

In accordance with a further embodiment it is provided that 
the counter electrode layer is formed as a resistance layer 
with a resistance in the range from 0 . 1 Q to 1 kQ . This 
makes it simple to implement a simple RC interference sup- 
10 pression circuit. 

Furthermore at least one inductor can also be connected be- 
fore and after the capacitor elements or capacitive elements 
connected in series. A single inductor can also be provided . 

15 However it is also possible to connect at least one discrete 
inductor before or after each capacitor element or each ca- 
pacitive element connected in series. The discrete inductors 
can also be connected in parallel to the capacitor elements. 
- A second ring disk made from a highly permeable magnet ma- 

20 terial can be provided with which each of the inductors is 
formed by a conductive structure located there and wherein 
the capacitor elements or capacitive elements are each elec- 
trically-conductively connected with one of the inductors. 
Furthermore it is possible that at least one resistance is 

25 connected before or after each capacitor element or each ca- 
pacitive element connected in series. With the resistance 
this can be a resistance with a linear U/I characteristic 
curve. However it can also be that the resistance has a non 
linear U/I characteristic curve. The resistances can be de- 

30 signed in one piece in the form of a third ring disk or in 

the form of a further resistance layer. The resistance layer 
can for example be printed on one of the ring disks or on the 
electrode layers or on the counter electrode layer. 
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The third ring disk can for example be made of an electro- 
ceramic material with varistor properties. Such a material 
permits the diversion of voltage peaks and thus protects com- 
5 ponents which are used to control the small electric motor. 
Suitable materials are known electro-ceramic compositions 
(for example based on doped mixed titanates from the elements 
of Ilnd main group or doped SrTiOa or doped ZnO) . 

10 The second and/or third ring disk or resistance layer can 
form a laminate with the first capacitor ring disk(s) . 

Furthermore a supporting disk made of ceramic can be provided 
to retain the capacitor ring disk or the laminate. This in- 

15 creases the mechanical strength of the suggested commutator 

arrangement. It is useful that the supporting disk is made of 
a ceramic which is mechanically particularly strong. For in- 
stance it can be made of steatite, cordierite, electro porce- 
lain, oxide -ceramic materials, for example Zr02 which may be 

20 stabilized with MgO, CaO, Ce02 or Y2O3 , or AI2O3, or very 

strong electro ceramics or for example SiC, Si3N4, dispersion 
ceramics and similar. 

It is useful that a diameter of a central breakthrough of the 
25 ring disks is a maximum of twice the size of a diameter of a 
shaft of the small electric motor. The ring disks in their 
installed state thus extend up to the immediate vicinity of 
the shaft. Usually the diameter of the breakthrough is se- 
lected to be only a few 1/lOths of a mm larger than the di- 
30 ameter of the shaft. In turning away from the state of tech- 
nology a ring gap between the ring disk and the shaft remain- 
ing up to now is filled with the particular ceramic material. 
This produces an increase in capacitance due to the gain in 



G:\Texte\Anmeldeunter1agen 2004\422367-Sintertechnik-an(engl.)-1 .doc 



8 



area in accordance with the relationship C = 80 8r A/d. The 
characteristics of the commutator arrangement can thus be im- 
proved or supplemented in this way. 

5 In accordance with a further advantageous embodiment it is 
provided that the capacitor ring disk(s) or the laminate is 
connected with a commutator sleeve supporting the commutator 
segments. The commutator sleeve can for example be mounted on 
the capacitor ring disk(s) or the laminate. However it can 

10 also be that the capacitor ring disk or the laminate is de- 
signed in the form of a hollow cylinder. In this case the 
commutator segments can surround the capacitor ring disk(s) 
or the laminate. In this case the suggested interference sup- 
pression device is thus located within the commutator. It 

15 must be remembered that the capacitor ring disk(s) or the 

laminate and the commutator segments are connected with each 
other in such a way that differences in the thermal expansion 
coefficients can be offset- This arrangement is particularly 
space - saving . 

20 

The ring disks can also be arranged on top of each other in 
any order even when different electrical characteristics are 
present- The arrangement particularly depends on the number 
and type of ring disks which are used. It is also possible to 
25 place several ring disks within one level inside each other: 
A ring disk with a relatively small exterior diameter can be 
placed in the hole of a ring disk whose hole diameter is 
somewhat larger than the exterior diameter of the small ring 
disk. 

30 

A top upper side of a ring disk facing in the direction of 
the commutator sleeve can be covered with an electrically in- 
sulated layer. It is useful that a contact section extending 
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from each of the contact segments protrudes into a recess 
provided on the top upper side of a ring disk and is con- 
nected with one of the electrode layers. The aforementioned 
features are used to prevent short circuits. The thickness of 
5 the commutator arrangement can be reduced. 

In accordance with a further advantageous embodiment feature 
it is provided that the ring disks are connected via a layer 
made of a polymer, preferably a plastic membrane or metal. In 

10 particular the suggested sandwich structure, consisting of 
"brittle" ceramic ring disks and comparably elastic polymer 
layers in between, contributes to a significant increase of 
the mechanical strength of the suggested commutator disk. Any 
existing difference in thermal expansion coefficients of the 

15 ring disks can be offset by providing an intermediate layer 
made of a polymer. The polymer can be a suitable adhesive, a 
two-sided adhesive plastic membrane, silicone or similar. 

With small electric motors with high capacitance and high 
20 torque a metallic sleeve for example can be provided on the 

shaft to establish a sufficient friction-locked connection of 
the collector plate with the shaft. For example the sleeve 
can be shrunk on, glued or soldered to the shaft. The commu- 
tator disk can then be friction-locked connected with the 
25 sleeve. For example the commutator disk can be shrunk on the 
sleeve or soldered to the sleeve or glued. Due to the en- 
larged circumferential surface provided by the sleeve a par- 
ticularly firm connection of the commutator disk with the 
shaft can be achieved. 

30 

The commutator arrangement provided by the invention can be 
used just as well with iron core motors with small electric 
motors with bell winding. 
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In accordance with a further embodiment feature a contact 
section of the ring disk(s) is connected or the counter elec- 
trode layers extending up to the interior circumference are 
5 electrically conductively connected with the shaft made of an 
electrically conductive material. It is useful that the shaft 
is made of metal. However the shaft can also be made of an 
insulating material such as ceramics. The electrically con- 
ductive connection can be established for example by a sol- 
10 der, conductive adhesive or conductive silver. 

Furthermore the invention relates to a small electric motor 
with a shaft and a commutator arrangement provided by the in- 
vention mounted thereon. 



15 



Examples will now be used to describe the invention in more 
detail based on the drawings. The figures are listed below: 



Fig. 1 



A schematic equivalent circuit diagram of a 



20 



commutator in accordance with the state of 



technology. 



Fig. 2 



A schematic equivalent circuit diagram of a 
first commutator arrangement provided by the 
invention. 



25 



Fig. 3 



A schematic equivalent circuit diagram of a 
second commutator arrangement provided by the 
invention. 



30 



Fig. 4 



A view of the top of a capacitor ring disk. 
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Fig. 5 A schematic, partial cross-sectional view 

through a first commutator arrangement, 

Fig. 6a, 6b A view of the bottom and top in accordance 
5 with Fig. 5, 

Fig. 7 A schematic cross-sectional view of a second 

commutator arrangement and 

10 Fig. 8 A schematic cross-sectional view of a second 

commutator arrangement . 



Fig. 1 shows a equivalent circuit diagram of a conventional 
CLL disk. The capacitances or capacitor elements are desig- 

15 nated as C and the ohmic resistance of the semi -conduct ive 
material is designated as Rc . A motor partial winding 1 has 
an electromagnetic capacitance Um, a winding resistance Rm 
and a motor induct ivity Lm. The capacitor elements C are con- 
ductively connected via the n or p semi -conduct ive material 

20 located inside the CLL disk. The appropriate ring connection 
is designated with the reference designation 2. Un indicates 
a rated motor voltage, Ul indicates a segment voltage and K 
indicates the contact points of the commutator segments with 
the partial windings and the contact surfaces. 3 indicates a 

2 5 shaft. 



Fig. 2 shows the equivalent circuit diagram of an arrangement 
provided by the invention. Each of the contact points K of 
the commutator segments is connected with the capacitor ele- 
30 ments C connected in parallel with the electrodes. The coun- 
ter electrodes of the capacitor element C are connected with 
each other via common counter electrode layers 4. The counter 
electrode layers 4 can be electrically conductively connected 
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via a bridge 5 with each other. The bridge 5 can be formed by 
the shaft 3 . 

Four capacitor elements C are connected here between two ad- 
5 jacent contact points K, wherein two capacitor elements C 
each are connected in parallel. The parallel connection of 
two capacitor elements C each can drastically increase the 
total capacitance between the two contact points K. With a 
parallel connection of capacitor elements C the total capaci- 
10 tance is the sum of the single capacitances. For example such 
a parallel connection can be implemented by stacking. When n 
capacitor ring disks are stacked, n capacitor elements C can 
be connected in parallel. 

15 Fig. 3 shows a equivalent circuit diagram of a further ar- 
rangement provided by the invention. The components desig- 
nated as A, B, C can be arranged in any order. "A" is an in- 
ductor, "B" is an ohmic resistance or a resistance without 
non linear U/l characteristic curve, and "C" is a capaci- 

20 tance. The suggested circuit, namely the provision of a ca- 
pacitance C and an inductor A connected in series thereto be- 
tween a commutator segment and a common ring connection which 
can be formed by the counter electrode layer 4, can also be 
the subject of a separate invention. With this circuit an ad- 

25 vantageous arrangement consists of the provision of an addi- 
tional resistance connected in series which can have a non 
linear U/l characteristic curve. With the used capacitances C 
this can be multi-layer capacitors in ring disk arrangement. 

30 Fig. 4 shows a view of the top of an upper side of a first 

ring disk RS . The first ring disk is made of a dielectric ce- 
ramic material such as barium titanate. Reference designation 
6 designates electrode layers shaped as sectors. These are 
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the conductive pastes pressed onto the first ring disk RS and 
burned on. The electrode layers 6 are separated by electri- 
cally insulating strips 7. 8 designates the printed circuits 
which extend around the round recesses 9 provided along the 
5 exterior circumference of the first ring disk. When the first 
ring disks RS are stacked on top of each other the printed 
circuits 8 are used to contact the electrode layers 6. A cen- 
tral breakthrough 10 of the first ring disk RS has a diameter 
which is usefully not more than twice as large as the diame- 

10 ter of the shaft 3 . It has been shown to be useful that the 
diameter of the breakthrough 10 is only slightly larger than 
the diameter of the shaft 3. It is also possible that the di- 
ameter of the breakthrough 10 is smaller than the diameter of 
the shaft 3 . The ring disk RS can be mounted on the shaft 3 

15 via gluing, pressing, clamping, shrinking on or soldering. 

Fig. 5, 6a and 6b show a laminate shaped from several first 
ring disks RS in the form of a multi-layer capacitor. For 
clarity's sake a supporting disk 11 is only suggested in the 

20 left half of the figure. The supporting disk 11 is installed 
here directly on the shaft 3 . It is naturally also possible 
to arrange the supporting disk 7 differently, in particular 
to also secure it to a collector sleeve 12. With this first 
ring disks RS made of a dielectric material are stacked on 

25 top of each other. The dielectric material can be conven- 
tional materials suitable for making multi-layer capacitors. 
In this case Rc can be specifically set if necessary by using 
electrodes with resistive characteristics (ohmic or voltage- 
dependent characteristic) for example. The same measure can 

30 also be used to establish a series resistance. Electrode lay- 
ers 6 provided on the top of the first ring disks RS each ex- 
tend up to the exterior circumference of the first ring disks 
RS - Counter electrode layers 4 provided on the bottom of the 
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first ring disks RS do not extend to the exterior circumfer- 
ence of the first ring disks RS . In contrast they extend to 
the interior circumference of the first ring disks RS . The 
electrode layers 6 provided on the top of the first ring 
5 disks RS are shown schematically again in Fig. 6b. The elec- 
trode layers 6 are separated from each other via insulating 
strips 7 so that five separate electrode layers 6 are formed 
here . 

10 The electrode layers 6 are electrically conductively con- 
nected with each other on the exterior circumference of the 
first ring disks RS via the printed circuits 8. The electrode 
layers 6 located on the uppermost top side of the first ring 
disks RS are electrically conductively connected with commu- 

15 tator segments 13 in a radial inner section. 

The counter electrode layers 4 reach up to the interior cir- 
cumference of the first ring disks RS and can be electrically 
conductively connected with each other via an inner contact 

20 14 there. The inner contact 14 can in turn be electrically 

conductively connected with the shaft 3. The formation of the 
counter electrode layers 4 is shown in Fig. 6a. The counter 
electrode layers 4 are not segmented. They underlie almost 
the entire surface of the electrode layers 6 vis-a-vis. Thus 

25 all electrode layers 6 of a first ring disk RS have a single 
counter electrode layer 4 . 

The electrode layers 6 and the non segmented counter elec- 
trode layers 4 are each separated from each other in the 
30 laminate with an electrically insulating layer 15. This can 

be a dielectric capacitor mass. However a plastic membrane or 
similar can also be used as insulating layer 15. 
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With the suggested arrangement the resistance Rc can be spe- 
cifically set via the conductivity of the counter electrode 
layers 4. An electrode with a resistive characteristic (ohmic 
or voltage -dependent reaction) can be used to establish the 
5 counter electrode layers 4, wherein it is useful that Rc is 
set in the range from 0.1 Q to 1 kQ. 

Particularly the first ring disk RS suggested in the afore- 
mentioned example increases by many times the capacitances 

10 which can be achieved in comparison to the state of technol- 
ogy. For example if one establishes a multiple-layer capaci- 
tor from a dielectric mass such as X7R, Y5V, Z5U, COG, NPO 
and similar on a high- strength ceramic supporting disk 11 
which can consist of Ce02-stabilizing Zr02 or similar with a 

15 thickness of 0.4 mm, and if one assumes a thickness of 20 fim 
for the capacitor ring disk created from the first ring disk 
RS with electrode layers 6 and counter electrode layers 4 ap- 
plied to this, whereby an electric strength of several 100 V 
is reliably ensured, this results in a surface of 9 x 15 mm^ 

20 of the electrode layers 6 using an exterior circumference of 
the first ring disk RS of e.g. 16 mm and an interior diameter 
of the breakthrough 10 of 3.5 mm and with nine partial wind- 
ings of a small electric motor. Considering a width of the 
insulating strip 7 of 1.0 mm between the electrode layers 6, 

25 the power matrix shown in the following table results. In the 
specified case the relative dielectricity constant is Sr = 
4500 for the X7R dielectric, and Sr = 7500 for the Y5V di- 
electric. 



Nxomber of Layers 


Resulting Thickness 


X7R 


Y5V 


1 


0.42 mm 


9 X 3 0 nF 


9 X 4 5 nF 


10 


0.60 mm 


9 X 3 00 nF 


9 X 450 nF 
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20 


0.80 mm 


9 X 600 nF 


9 X 90 0 nF 


30 


1.00 mm 


9 X 900 nF 


9 X 1350 nF 


55 


1.50 mm 


9 X 1650 nF 


9 X 2475 nF 


80 


2.00 mm 


9 X 2400 nF 


9 X 3600 nF 



As the table shows, a capacitance of 9 x 2400 nF or 9 x 3600 
nF can be achieved with a first ring disk RS with a thickness 
of 2.0 thickness. In all probability such large capacitances 
5 are not needed for small electric motors. However the example 
shows that in principle all desired capacitances in the range 
of small electric motors can be generated with the first ring 
disk RS . This permits a significant reduction of the electro- 
magnetic emissions and an increased lifespan of small elec- 

10 trie motors to be expected. With the high capacitances which 
can be implemented by the invention a particularly high re- 
duction of the electromagnetic emissions can be achieved 
since the resonance range of the oscillator circuit formed 
from the motor partial winding and the capacitance can be 

15 shifted to the frequency range of 150 kHz to 150 MHz. 

With the commutator arrangement shown schematically in the 
cross-section in Fig. 7 a varistor ring disk 16 underlies the 
first ring disk RS . The varistor ring disk 16 is electrically 

2 0 conduct ively connected to the capacitor ring disk via the 

counter electrode layer 4. 17 designates an insulation layer 
covering the stack- shaped ring disk arrangement which layer 
can be made for instance of a lacquer, a glass paste or simi- 
lar- Also in this case the ring disk arrangement is secured 

2 5 directly to the shaft 3 via soldering, gluing, shrinking on 

or similar. The electrode layers 6 provided on the upper side 
of the ring disk RS are in turn electrically conductively 
connected to the commutator segments 13 installed on the com- 
mutator sleeve 12 . 
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Fig. 8 shows a cross-sectional view of a third commutator ar- 
rangement. With this the commutator sleeve 12, preferably 
made of plastic, is secured to the shaft 3. The commutator 
5 segments 13 are installed on the exterior circumference of 
the commutator sleeve 12 . The commutator segments 13 have a 
hook- like bend on one end for the insertion of a wire of the 
motor winding (not shown here) . On the other end the commuta- 
tor segments 13 protrude over the end of the commutator 

10 sleeve 12 . A laminate designated with the reference designa- 
tion L which can for example be made from several capacitor 
ring disks and if necessary in connection with a varistor 
and/or resistance and/or inductor ring disk is permanently 
connected with the other end of the commutator segments 13 

15 with a solder for example. An intermediate space Z remains 
between the laminate L and the commutator sleeve 12 . The 
laminate L is not connected here with the shaft 3. A slight 
distance remains between the interior circumference of the 
laminate L and the shaft 3 . The suggested commutator arrange- 

20 ment is particularly space-saving. In addition it permits a 
compensation of the differences in expansion coefficients 
caused by the different materials. The laminate L has both 
axial and radial freedom of movement. Even with higher oper- 
ating temperatures the connection provided along the interior 

25 circumference of the commutator segments 13 with the laminate 
L is ensured. Naturally it can also be that the laminate L is 
held by contact springs (not shown here) which for example 
extend from the protruding ends of the commutator segments 
13 . Such contact springs can surround the laminate L up to 

30 its interior circumference. 

In accordance with a particularly advantageous embodiment 
feature (not shown here) a layer made of a polymer can also 
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be provided between the ring disks RS, 11, 16. This polymer 
layer serves to secure the ring disks RS, 11, 16 which are 
located one on top of the other. It gives the stack- shaped 
ring disk arrangement particularly great strength. When such 
5 a polymer intermediate layer which can be made from a two- 
sided membrane which can be glued for example is provided, 
the ring disk arrangement is usually secured by gluing it to 
the shaft 3 . It is particularly inexpensive to connect a 
high-strength, ceramic, suitably coated supporting disk 11 on 

10 the breakthrough 10 with the shaft 3 by soldering. Several 

ring disks RS, 16 can be then be glued in stacked arrangement 
on the supporting disk 11. The ring disks RS, 16 are con- 
tacted along their exterior circumference with conductive ad- 
hesive or conductive lacquer. The arrangement is then covered 

15 with an insulating lacquer. 

The ring disks RS, 11 and 16 can be made by conventional 
methods such as membrane drawing, drying pressing, screen 
printing or wet -in-wet methods with a thickness of approxi- 

20 mately 0.005 to 2.0 mm. A laminate consisting of several ring 
disks RS, 11, 16 stacked on top of each other can thus be 
made with a thickness of a total of approximately 0 . 5 to 2 . 0 
mm. The laminate is very strong. Provision of a special sup- 
porting ring disk 11 is not absolutely necessary. The lami- 

25 nate can be connected directly with the shaft 3 via soldering 
or gluing. High capacitances and further features which 
lengthen the lifespan of a commutator system can be imple- 
mented with the laminate provided by the invention. 

30 
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Reference designation list 
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1 


Motor partial winding 


2 


Ring connection 


3 


Shaft 


4 


Counter electrode layer 


5 


Bridge 


6 


Electrode layer 


7 


Insulating strips 


8 


Printed circuit 


9 


Recess 


10 


Breakthrough 


11 


Supporting disk 


12 


Commutator sleeve 


13 


Commutator segment 


14 


Interior contact ing 


15 


Insulating layer 


16 


Varistor ring disk 


17 


Insulation layer 




Component 


c 


Capacitance 


Rr 


Series resistance of the caDacitance 


TT 

Um 


ii±ec uiomagrie L. ic capac j. uance 


Lm 


Motor inductor 


Ul 


Segment voltage 


K 


Contact points 


RS 


First ring disk 


Rm 


Winding resistance 


Un 


Rated motor voltage 


L 


Laminate 


Z 


Intermediate space 
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